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The  purpose  of  the  present  paper  Is  to  define  dimensional  Integrality 
and  to  present  a  theory  of  Integrality  that  explains  the  manner  and  con¬ 
ditions  under  which  Integrality  operates.  The  term  Integrality,  like  many 
pieces  of  contemporary  psychological  jargon,  has  both  Intuitive  and  tech¬ 
nical  meanings.  Intuitively,  Integrality  refers  to  the  phenomenological 
coherence  of  stimulation.  That  is,  It  refers  to  the  degree  to  which 
several  aspects  of  complex  stimulation  are  perceivable  as  a  unitary  entity. 

The  opposite  of  Integrality,  separability*  refers  to  the  extent  to  which 
each  of  several  aspects  of  complex  stimulation  can  be  Independently  per¬ 
ceived.  As  such.  Integrality,  or  something  like  It,  represents  a  core 
problem  within  several  broad  areas  of  perceptual  research  such  as  form 
perception,  pattern  recognition,  selective  attention,  Information  process¬ 
ing  and  multidimensional  scaling.  Furthermore,  the  Issues  raised  about 
Integrality  from  within  these  areas  vary  widely  in  their  generality.  Thus, 
Integrality  concerns  issues  as  broad  and  as  fundamental  as  the  definition 
of  the  stimulus,  and  as  esoteric  as  the  appropriate  scaling  metric  for 
describing  similarity  judgments.  Consequently,  the  problems  of  Integrality 
can  be  addressed  from  many  different  perspectives  and  discussed  In  different 
levels  of  discourse. 

With  regard  to  technical  meanings,  the  multifaceted  nature  of  Integrality 
makes  its  definition  a  complicated  matter,  since  different  areas  of  research 
have  specified  different  operations  and  phenomena  as  essential  for  Its 
understanding.  For  example,  Gestalt  Psychology  attempted  to  discover 
directly  and  introspectively,  those  aspects  of  stimulation  that  were  most 
closely  associated  with  phenomenal  unity.  In  contrast,  modem  Information 
processing  research,  relying  on  behavioral  or  performance  based  data, 
has  focused  on  the  processes  within  the  organism  that  are  responsible 


for  the  ability  to  selectively  attend  to  various  aspects  of  stimulation. 
This  particular  difference  In  perspective  represents  one  of  the  primary 
questions  with  regard  to  the  study  of  Integrality:  Is  Integrality  a 
property  of  stimulation,  or  Is  it  a  function  of  processes  within  the 
organism?  Undoubtedly,  both  factors  will  need  to  bo  Incorporated  Into 
some  ultimate  definition  of  Integrality.  However,  as  research  strategies 
these  two  questions  are  not  equally  propitious.  Stimulation  is  directly 
observable  and  can  be  objectively  defined.  Processes  within  the  organism 
cm  only  be  studied  indirectly  through  chains  of  Inference.  Furthermore, 

In  the  face  of  finite  behavioral  data  bases,  mental  processes  can  never 
be  uniquely  defined.  Therefore,  as  a  research  strategy,  the  present  work 
will  start  with  an  objective  examination  of  stimulation,  with  the  goal 
of  taking  this  approach  as  far  as  it  can  go.  Mental  events  can  then  be 
hypothesized  to  account  for  any  residual  phenomena  that  still  need  to 
be  explained. 

The  theory  of  integrality  to  be  discussed  below  will  have  a  purely 
psychophysical  base.  Integrality  will  be  defined  as  a  property  of  the  map- 
plng  of  a  physical  specification  of  complex  stimulation  into  the  multi¬ 
dimensional  psychological  characteristics  of  the  stimulation  as  perceived. 
This  psychophysical  mapping  will  serve  as  the  criterial  attribute  for 
deciding  whether  or  not  the  stimulation  In  a  given  situation  can  be  termed 
integral.  This  definition  of  Integrality  will  than  be  validated  against 
data  obtained  from  standard  information  processing  tasks  involving  speeded 
classification. 

This  account  of  Integrality  will  be  incomplete  In  at  least  two  ways. 
First,  only  one  of  several  psychophysical  properties  will  be  explored, 
and  other  potentially  important,  but  untested,  properties  will  be  suggested 
in  the  concluding  section.  Thus,  the  research  to  be  reported  is  only  a 


first  step  In  what  will  have  to  be  a  broader  program  of  inquiry.  Second, 
this  account  will  also  be  Incomplete  in  that  even  from  its  modest  beginning 
It  will  be  clear  that  certain  aspects  of  performance  will  need  explanations 
that  will  have  to  go  beyond  a  simple  psychophysical  theory.  These  will 
also  be  noted  in  the  concluding  section.  Nevertheless,  the  present  theoretl- 
cal  framework  will  indicate  the  direction  that  additional  research  will 
need  to  take. 

Historical  Precedents 

Gestalt  Psychology  Is,  of  course,  well  known  for  Its  account  of  the 
phenomenological  unity  of  figures  in  the  perceptual  field.  With  regard 
to  the  concepts  to  be  developed  below,  two  aspects  of  the  Gestalt  approach 
are  of  particular  Importance.  First,  the  Gestalt  laws  represent  an  attempt 
to  arrive  at  a  phenomenologically  based  description  of  the  experience  of 
stimulation.  That  Is,  each  Gestalt  law  describes  some  aspect  of  experience 
that  tends  to  be  perceived  as  a  unitary  whole  (l.e.  as  Gestalten).  It 
Is  Important  to  note  that  these  laws  (Figure-Ground,  Closure,  Pritgnanz,  etc.) 
do  not  constitute  explanations  of  phenomena,  but  rather  are  merely  des¬ 
criptions,  The  Gestalters1  physiological  model,  now  rarely  discussed, 
and  their  beliefs  about  physical  Gestalten  (e.g.  the  tendency  toward  equili¬ 
brium  of  forces  In  physical  fields)  were  the  explanations  for  perceived 
experience.  Nevertheless,  these  descriptions  of  experience  emphasize  that 
flgural  coherence  is  the  result  of  the  overall  organization  of  the  perceptual 
field  and  the  complex  relations  among  its  perceivable  components. 

Second,  Gestalt  Psychology  placed  a  great  emphasis  on  the  primacy  of 
perceptual  attributes.  Theories  of  perception  should  begin  with  phenomeno¬ 
logical  accounts.  To  begin  accounts  of  perception  with  arbitrary  physical 
descriptions  of  stimulation,  as  many  of  the  early  Structuallsts  did,  was 
thought  to  be  a  mistake.  Physical  descriptions  of  stimulation  should  only 
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follow  once  the  important  attributes  of  experience  had  been  Identified. 

•  ! 

One  could  conceive  of  many  different  physical  specifications  of  stimulation ,  ) 

but  the  only  one  that  mattered  was  the  one  that  corresponded  to  the  psycho-  j 

logical  Gestalten.  Of  course,  the  psychological  Gestalten  were  thought  ! 

to  be  Isomorphic  to  the  underlying  physiological  Gestalten  and  these  In 

turn  were  thought  to  correspond  to  physical  1ms  of  organization.  Thus,  i 

| 

because  of  these  Isomorphisms,  these  levels  of  discourse  are  sometimes 
confused.  However,  within  the  Gestalt  system  phenomenology  was  primary. 

This  tradition  from  Gestalt  Psychology  was  further  developed  by 
Gibson  (i960*  1966)  and  the  research  described  below  is  an  obvious  app  1- 
catlon  of  Glbsonlan  principles.  Central  to  Gibson's  approach  Is  the  notion 
of  Perceptual  Psychophysics:  Once  a  particular  perceptual  phenomenon  has 
been  Identified  (c.g.  monocular  depth  perception),  the  study  of  perception 
should  proceed  by  finding  the  physical  description  of  the  stimulation  that 
directly  corresponds  to  or  Is  perfectly  correlated  with  the  phenomenon 
(c.g.  texture  gradients).  In  many  cases  this  description  of  physical 
stimulation  may  be  wry  complex,  entailing  higher-ordered  or  temporal 
relations  among  the  simple  physical  variables.  However,  the  goal  of  per¬ 
ceptual  research  Is  the  direct  specification  of  this  psychophysical  mapping. 

Strategies  of  this  type  have  often  been  pursued  In  perceptual  research. 

For  exan$le.  In  the  area  of  speech  perception  there  has  been  a  long  search 
to  find  those  characteristics  of  the  physical  speech  signal  that  are 
correlated  with  the  units  of  perceived  speech,  the  phonemes.  Phonemes 
have  certain  Invariant  perceptual  characteristics  that  do  not  correspond 
in  any  simple  way  to  any  low-level  physical  measures  of  speech.  Thus, 
tiie  search  has  been  to  find  that  combination  or  transformation  of  the 
simple  physical  characteristics  of  speech  that  will  correlate  reasonably 
with  the  stimulation  as  it  is  perceived.  Similarly,  the  research  dis- 
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cussed  below  will  examine  transformations  of  the  physical  measures  that 
underlie  particular  classes  of  geometric  patterns  In  an  attempt  to  find 
those  transformations  that  correspond  to  the  perceived  characteristics 
of  the  forms. 

Multidimensional  scaling  Is  a  third  area  of  research  that  Is  antece¬ 
dent  to  the  present  one.  The  distinction  between  Integral  and  separable 
stimulus  dimensions  came  Into  prominence  with  the  realization  that  the 
psychological  distances  between  pairs  of  stimuli  In  a  multidimensional 
space  are  not  necessarily  Euclidean.  When  a  subject  Is  asked  to  judge  the 
similarity  of  pairs  of  multidimensional  stimuli,  his  judgments  will  depend 
not  only  on  the  physically  defined  differences  between  the  stimuli,  but  also 
upon  the  rule  or  metric  that  Is  used  to  combine  the  differences  on  the 
several  dimensions  of  the  stimuli.  Torgerson  (1958)  suggested  that  when 
the  several  dimensions  of  a  stimulus  pair  are  not  obvious,  that  Is,  when 
the  dimensions  are  Integral,  the  Euclidean  metric  Is  the  appropriate  com¬ 
bination  rule.  This  makes  Intuitive  sense,  since  distance  In  Euclidean 
space  remains  Invariant  with  rotations  of  the  axes  of  the  space;  each  pair 
of  stimuli  thus  defines  an  attribute  through  the  space.  For  example,  the 
color  space  Invariably  has  been  found  to  be  Euclidean.  Each  pair  of  colors, 
when  judged  for  similarity,  seems  to  define  a  unique  difference  between 
them.  In  contrast,  when  the  differences  among  the  stimuli  are  obvious 
and  compelling,  that  Is,  when  the  dimensions  are  separable,  the  City  Block 
metric  seems  more  appropriate.  Distance  In  a  City  Block  space  Is  simply 
the  sum  of  the  distances  on  each  of  the  "obvious  and  compelling"  dimensions. 
Thus,  In  arriving  at  his  judgment  the  subject  simply  notes  the  difference 
on  each  separable  dimension  and  aggregates  them  linearly. 

This  Idea  of  assigning  different  metrics  to  Integral  and  separ- 


able  stimulus  dimensions  Is  an  important  one  because  it  suggests  that 
a  multidimensional  psychophysical  property  can  be  used  to  define  Inte¬ 
grality.  This  suggestion  Is  consistent  with  the  concepts  developed  below, 
although  the  present  research  will  argue  that  the  scaling  metric  itself 
is  not  an  adequate  criterion. 

Previous  research  In  multidimensional  scaling  has  also  motivated  the 
present  project  In  another,  more  fundamental  way.  Multidimensional  scaling 
depends  heavily  upon  subjects  making  direct  subjective  estimations  of  the 
similarity  between  pairs  of  perceived  objects.  Similarity  judgments  thus 
represent  a  mode  of  responding  In  which  subjects  can  directly  code  a  par¬ 
ticular  property  of  their  perceptual  experiences.  As  Shepard  and  Chipman 
(1970)  have  noted: 


It  Is  a  fact  of  Inadequately  appreciated  significance  that, 
despite  the  practically  unlimited  range  and  diversity  of  possible 
Internal  representations,  we  can  readily  assess  within  ourselves 
the  degree  of  functional  relation  between  any  two  by  a  simple, 
direct  judgment  of  subjective  similarity.  Moreover,  we  can  do 
this  even  though  (a)  we  have  never  before  compared  the  two  repre¬ 
sentations  In  question,  and  even  though  (b)  we  may  be  unable  to 
communicate  anything  about  the  absolute  nature  of  either  of  the 
two  representations  taken  separate1y...0ne  could  even  tum  the 
matter  around  and  argue  that  it  is  primitive,  internal  assessments 
of  similarity  of  this  sort... that  mediate  every  response  we  make 
to  any  situation  that  Is  not  exactly  Identical  to  one  con  fronted 
before,  (p.  2) 


The  psychophysical  theory  presented  below  takes  this  ability  of  subjects 
to  directly  estimate  the  similarity  of  pairs  of  stimuli  to  be  axiomatic. 

As  a  psychophysical  theory,  the  description  of  a  psychological  space  is 
essential.  Consequently,  the  theory  must  contain  some  aspect  of  subjecti¬ 
vism.  However,  not  only  Is  the  subjective  component  completely  Identifiable, 
it  Is  also  limited  to  this  primitive  ability  to  assess  similarity.  Further¬ 
more,  whereas  the  Gestalt  approach  had  to  rely  on  a  belief  in  a  first-order 
isomorphism  between  properties  of  stimulation  and  properties  or  perceived 
experience,  similarity  judgments  entail  only  tho  notion  of  second-order 
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isomorphism  (Shepard  and  Chlpman,  1970).  That  Is,  It  Is  not  necessary 
that  object  properties  themselves  be  preserved  Isomorphlcally  In  the  Inter¬ 
nal  representation  of  experience,  but  only  that  the  relations  among  the 
object  properties  be  Isomorphlcally  preserved.  Thus,  It  Is  not  necessary 
to  discuss  the  nature  of  a  given  experience  Itself,  rather  only  the  relation 
of  that  experience  to  other  experiences,  and  It  Is  these  relations  that 
are  directly  designated  with  similarity  judgments. 

Gamer's  Converging  Operations 

The  first  attempt  to  produce  a  systematic  theory  about  the  nature  and 
operation  of  Integrality  was  made  by  Gamer  (sumnarlzed  In  Gamer,  1974). 
Gamer's  approach  entails  the  use  of  converging  operations  and  their 
associated  phenomena  as  the  definition  of  Integrality.  Three  of  these 
converging  operations  are  of  particular  Importance.  First,  for  the  reasons 
outlined  above,  integral  dimensions  should  be  best  fit  by  the  Euclidean 
metric  when  used  In  similarity  scaling.  Second,  when  used  In  speeded 
classification  or  choice  reaction  time  tasks.  Integral  dimensions  should 
produce  Interference  when  filtering  of  one  dimension  from  another  Is  required. 
For  example.  If  a  subject  Is  asked  to  sort  a  set  of  stimuli  as  fast  as 
possible,  where  one  of  two  Integral  dimensions  Is  relevant  to  the  sorting 
and  the  other  Is  Irrelevant,  his  Inability  to  separate  the  dimensions  should 
lead  to  slower  reaction  times.  By  Inference,  his  Information  processing 
should  be  slowed.  Third,  If  a  subject  Is  asked  to  sort  a  set  of  stimuli 
composed  of  Integral  dimensions,  again  as  quickly  as  possible,  and  the  values 
of  tne  stimuli  are  correlated  across  stimuli.,  that  is,  if  the  two  dimensions 
are  redundant,  reaction  time  should  be  facilitated. 

A  set  of  stimulus  dimensions  that  produce  these  three  results  in 
these  converging  tasks,  would  be  termed  Integral.  Conversely,  a  set  of  \  f 
dimensions  that  would  be  better  fit  by  the  City  Block  metric,  that  would 
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yield  no  filtering  Interference  and  no  ga4n  as  a  result  of  redundancy,  would 
be  defined  as  separable.  Again,  there  Is  by  Inference  the  linkage  of  these 
results  to  the  subject's  Internal  Information  processing  mechanisms:  Separable 
dimensions  should  not  tax  the  organism's  attentive  capacity,  and  his  infor¬ 
mation  processing  should  not  slow  down  or  speed  up  In  the  presence  of  Irrele¬ 
vant  or  redtfidant  Information,  respectively. 

There  are  two  sets  of  problems  that  arise  with  regard  to  this  definition. 

These  problems  are  for  the  mostpart  more  pragmatic  than  theoretical,  but  never¬ 
theless  they  severly  limit  the  usefulness  of  the  definition.  First,  there  Is 
a  set  of  essentially  statistical  problem  associated  with  determining  the 
appropriate  dimensionality  and  scaling  metric  for  similarity  data.  Contempor¬ 
ary  scaling  techniques  utilize  co*>uter  algorithms  that  require  the  experimenter 
to  set  a  priori  the  value  of  the  nusfcer  of  dimensions  and  the  scaling  metric 
to  be  fit  to  the  data.  The  experimenter  then  runs  the  data  through  the  program 
a  nunber  of  times,  each  with  a  different  combination  of  dimensionality  and 
metric.  On  each  run  a  measure  of  goodtess  of  fit,  usually  referred  to  as  stress, 

Is  computed.  By  comparing  these  stress  values  the  experimenter  can  supposedly 
determine  the  appropriate  parameters  for  the  data.  The  problem  In  this,  how¬ 
ever,  Is  that  stress  Is  a  monotonic  decreasing  function  of  the  number  of 
dimensions  used  to  fit  the  data.  Therefore,  the  experimenter  cannot  simply  look 
for  the  minima  stress  value.  Rather,  the  function  relating  stress  to  the  num¬ 
ber  of  dimensions  oust  be  examined  with  the  hope  that  an  unambiguous  breaking 
point  or  "elbow"  can  be  determined.  The  number  of  dimensions  associated  with 
this  elbow  is  taken  to  be  the  dimensionality  of  the  perceptual  sp;?„e  for  the 
stimuli  In  question.  The  stress  value  for  each  metric  for  this  ntsber  of 
dimensions  can  then  be  compared,  with  the  better  fitting  metric  chosen  as  the 
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appropriate  one. 

Three  difficulties,  however,  can  render  this  solution  uninterpretable: 

There  may  be  no  obvious  elbow;  the  elbows  for  each  of  the  metrics  may  occur 
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at  different  dimensionalities;  and  there  are  no  reasonable  statistics  that 
assess  how  big  a  difference  in  stress  values  Is  reasonable.  Often  more 
than  we  of  these  problems  exist  for  the  same  set  of  similarity  judgments. 

Consider  the  data  presented  In  Figure  1.  These  data,  from  Hardzlnskl 
and  Pachella  (1977),  are  based  on  similarity  judgments  for  32  simple  ellipses 
that  varied  In  their  size  and  shape,  and  their  spatial  position  and  orienta¬ 
tion  on  the  viewing  screen.  All  496  pairs  of  '  ,t  32  stimuli  were  judged 
for  similarity  and  these  judgments  were  analyzed  with  the  scaling  program 
MINISSA  (Guttman,  1968;  Roskam  and  Lingoes,  1970).  It  Is  clear  from  Figure  1 
that  neither  curve  has  a  sharp  elbow  in  It.  Further,  even  though  the 
Euclidean  metric  yields  a  better  fit  for  each  value  of  dimensionality,  the 
difference  between  the  curves  Is  not  impressive.  Thus,  It  is  not  obvious 
whether  the  differences  for  these  stimuli  should  be  called  integral  or 
separable.  Even  more  to  the  point,  the  scaling  configuration  of  the  stimulus 
points  in  their  respective  spaces  (l.e.  Euclidean  vs.  City  Block)  and 
their  Interpoint  distances  did  not  differ  much  from  each  other.  Effectively 
the  scaling  solutions  were  Identical.  Hardzlnskl  and  Pachella  (1977) 
worked  with  numerous  types  of  stimulus  forms  (ellipses.  Irregular  polygons, 
schematic  faces,  etc.)  and  have  found  the  situation  described  here  to  be 
tiie  rule  rather  than  the  exception.  Thus,  the  determination  of  the  appro¬ 
priate  scaling  metric  is  often  the  result  of  an  entirely  subjective  judgment 
on  the  part  of  the  experimenter. 

A  second  problem  with  the  converging  operation  definition  of  Integrality 
is  the  fact  that  when  the  operations  used  to  define  the  concept  do  not 
converge,  the  result  Is  a  proliferation  of  theoretical  terms,  each  cor res- 


NUMBER  OF  DIMENSIONS 


Figure  1:  Stress  values  for  multl-diraenslonal  scaling  configurations  of 
similarity  judgments  of  pairs  of  ellipses  differing  on  5  dimensions,  as  a 
function  of  number  of  dimensions  fit  for  both  Euclidean  and  City  Block  metrics. 
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ponding  to  a  different  pattern  of  results.  That  is,  the  multiple  operation 
definition  of  integrality,  with  Integral  dimensions  defined  by  one  combination 
of  results  and  separable  dimensions  defined  by  another  combination,  leaves 
open  the  possibility  of  various  Intermediate  results  that  are  at  best  diffi¬ 
cult  to  interpret.  For  example,  at  least  one  example  exists  of  phenomenally 
integral  dimensions  that  are  best  described  by  the  City  Block  metric.  In 
another  case,  Gamer  and  Felfoldy  (1970)  found  that  dimensions  that  should  be 
compelllngly  Euclidean  (vertical  and  horizontal  position  In  the  Euclidean 
plane)  yielded  the  expected  facilitation  of  reaction  time  when  the  dimensions 
were  redundantly  varied  across  stimuli,  but  surprisingly  little  interference 
when  filtering  was  needed  to  perform  a  speeded  classification  task.  Such 
Intermediate  results  hav?  led  to  a  burgeoning  taxonomy  of  Integrality  types 
that  Include  "conflgular  dimensions'*  (Pomerantz  and  Gamer,  1973)  and 
"asymmetric  Integral  dimensions"  (Pomerantz  and  Sager,  1975).  This  taxonomy 
thus  serves  to  simply  label  the  different  combinations  of  results  without 
specifying  their  logical  or  perceptual  relationships. 

THE  PSYCHOPHYSICS  OF  INTEGRALITY 

The  proliferation  of  types  of  Integrality  might  lead  to  the  questioning 
of  the  unitary  nature  of  Integrality  as  a  theoretical  concept.  An  alterna¬ 
tive  approach  to  the  problem,  however,  will  point  out  the  source  of  this 
difficulty.  The  goal  of  much  previous  research  has  been  to  discover  the 
property  of  physical  dimensions  that  leads  to  their  being  Integral  or  not. 
Alternatively,  however,  attribute  perception  might  be  assumed  to  be  Invariant. 
That  Is,  a  theoretical  account  might  begin  with  the  assumption  that  any  set 
of  stimuli  is  definable  by  an  Independently  Identifiable  (i.e.  separable) 
set  of  psychological  attributes.  What  may  vary  instead  Is  the  way  In  which 


the  experimenter  has  defined  the  physical  dimensions  whose  integrality 
he  Is  Investigating.  Integrality  may,  thus,  be  simply  the  result  of  an 
Inappropriate  specification  of  stimulation. 

This  alternative  account  of  Integrality  begins  with  the  observation 
that  there  are  any  number  of  potential  physical  descriptions  of  a  stimulus. 
Consider,  for  example,  the  physical  specification  of  a  simple  triangle. 

A  particular  triangle  can  unambiguously  be  specified  by  noting  the  lengths 
of  Its  three  sides.  Alternatively,  It  can  also  be  specified  by  the  lengths 
of  two  sides  and  one  of  Its  angles;  or,  by  two  of  Its  angles  and  one  side; 
or,  by  Its  area  and  the  length  of  two  sides;  etc.  These  physical  des¬ 
criptions,  although  equivalent  as  physical  specifications,  will  not  be 
equivalent  perceptually.  Suppose,  for  example,  that  the  salient  and  com¬ 
pelling  attributes  of  a  triangle  are  its  elongation,  Its  size  and  Its  tilt. 
That  Is,  when  an  observer  perceives  a  triangle  suppose  that  the  psychologi¬ 
cal  attributes  that  are  most  compelling  are  how  long  it  Is,  Its  area  and 
Its  obtuseness  (or  acuteness).  The  physical  description  that  would  be 
most  relevant  perceptually,  then,  would  be  that  description  consisting  of 
physical  variables  that  correlate  with  these  salient  features.  These  physical 
variables  would  be  "separable"  In  that  changing  the  value  of  each  would  be 
seen  by  the  observer  to  change  the  value  of  one  of  the  salient  attributes. 

In  contrast,  a  physical  description  that  would  not  correspond  to  these 
salient  attributes  would  consist  of  variables  that  would  cut  across  the 
perceivable  attributes.  Consequently,  the  manipulation  of  one  of  tire  physi¬ 
cal  variables  would  be  seen  by  the  observer  as  causing  variation  in  more  than 
one  of  the  perceptual  features.  Physical  variables  that  would  cause 
variation  In  the  same  perceptual  attributes  would  thus  be  confusable  and 
and  would  be  seen  to  be  "Integral". 
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Salience  and  Emergence 

One  consequence  of  this  lack  of  correspondence  between  the  physical 
and  psychological  descriptions  Is  the  apparent  emergent  property  of  the 
psychological  attributes.  If  an  experimenter  focuses  his  attention  arbi¬ 
trarily  on  a  particular  physical  description  that  does  not  correspond  to 
the  psychological  attributes,  the  perceivable  attributes  will  vary  as  a 
complex  function  of  the  physical  variables.  Because  their  value  will 
covary  with  several  different  physical  variables,  the  psychological  attri¬ 
butes  will  be  seen  by  the  experimenter  as  being  relatively  Independent 
of  each  of  the  physical  variables.  Thus  they  will  seeem  to  the  experimenter 
to  "emerge"  from  the  physical  variables. 

This  emergence  will  also  prove  difficult  for  the  subject  of  an  experi¬ 
ment.  If  the  subject  Is  called  upon  to  attend  to  one  of  the  non -corresponding 
physical  variables,  the  covariation  of  the  psychological  attributes  with  the 
Irrelevant  physical  variables  will  be  confusing  to  the  subject.  In  addition, 
because  of  the  salience  of  the  psychological  attributes  the  subject  will 
simply  be  distracted  by  their  variation  (see  Egeth  and  Pachella,  1969). 

In  either  case  the  subject* s  judgments  of  the  relevant  variable  will  be 
affected  either  directly  by  variation  In  the  Irrelevant  physical  variables, 
or  the  effect  of  these  variables  on  the  psychological  attributes,  or  both. 

Somers  and  Pachella  (1977)  examined  these  effects  of  salient,  apparently 
emergent  attributes  on  the  perception  of  simple  physical  variables  In  complex 
stimuli.  In  this  experiment  observers  were  asked  to  rate  the  degree  of  simi¬ 
larity  of  pairs  of  stimuli  with  regard  to  particular  selected  features.  Other 
features  of  the  stimuli  were  either  held  constant  (control  condition)  or  varied 
systematically  (experimental  condition).  The  use  of  similarity  judgments,  with¬ 
out  any  stress  on  speed  or  difficulty  In  viewing,  allowed  the  measurement  of  the 


perceptual  distortion  of  the  relevant  features  due  to  variation  of  the 
Irrelevant  variables.  If  the  observers  could  ignore  the  variation  of 
the  irrelevant  features,  the  perceived  similarities  of  the  stimuli  in 
the  experimental  and  control  conditions  would  be  Identical.  However,  if 
such  selective  attention  was  Impossible,  If  the  dimensions  were  Integral, 
the  Influence  of  the  irrelevant  dimension  would  be  revealed  in  the  pattern 
of  the  similarity  judgments. 


In  this  experiment  tire  subject  was  asked  to  rate  the  similarity  of 
schematic  faces  (see  Figure  2)  with  regard  to  the  shape  of  the  facial 
outline.  In  the  experimental  condition  facial  expression  varied,  but  the  sub¬ 
ject  was  Instructed  to  Ignore  It.  Figures  3  and  4  present  typical  data 
for  one  observer.  The  numbers  In  Figures  3  and  4  are  labels  for  the  indi¬ 
vidual  schematic  faces  that  were  used  in  the  experiment.  The  figures 
summarize  the  similarity  ratings  for  pairs  of  faces  by  representing 
similarity  as  Interpoint  distances.  Consequently,  faces  that  were  judged 
to  be  similar  (e.g.  faces  12  and  16  in  Figure  3)  will  be  close  to  each 
other,  while  faces  judged  to  be  dissimilar  will  be  far  apart  (e.g.  faces 
9  and  4  In  Figure  3).  Figure  3  presents  the  control  condition,  In  which 

facial  expression  was  not  varied  within  a  block.  Figure  4  presents  the  experimental 
condition.  The  faces  whose  numbers  are  circled  were  given  one  facial 
expression  while  those  represented  by  uncircled  numbers  were  given  a 
different  expression.  Note  again  that  the  subject  was  asked  simply  to 
judge  the  similarity  of  the  shapes  of  the  faces  in  both  conditions. 

A  comparison  of  Figures  3  and  4  shows  that  varying  facial  expression 
had  large  and  systematic  effects  on  the  judged  similarity  of  shape  for 


Figure  3:  Multidimensional  scaling  configuration  of  judged  similarity  of  facial  shapes 
when  facial  expression  was  held  constant  within  a  block  of  trials. 


Figure  4:  Multi -dlaensional  scaling  configuration  of  judged  stellarity  of  facial  shapes 
tfhen  facial  expression  varied  Irrelevantly, 


this  observer.  In  Figure  4,  faces  with  cowmen  expressions  are  grouped 
together.  The  average  similarity  for  pairs  within  the  groups  Is  far  greater 
than  the  average  similarity  of  pairs  from  different  groups.  The  observer 
was  simply  tmable  to  Ignore  the  facial  expression  and  his  rated  similarity 
of  facial  shape  was  Influenced  by  this  Irrelevant  Information.  For  example, 
faces  10  and  6  have  quite  similar  shapes,  as  shown  by  their  proximity 
In  the  control  condition.  In  the  experimental  condition,  where  they  vary 
In  expressly,  their  shapes  are  perceived  to  be  much  less  similar.  Thus, 
although  there  Is  a  degree  of  identlflablllty  to  the  separate  features  for 
stimuli  such  as  these  schematic  faces,  such  attributes  can  be  shown  to 
be  Integral. 

Furthermore,  the  degree  of  Integrality  can  be  measured  directly  from 
Figures  3  and  4.  This  Is  done  by  computing  the  ratio  of  the  average  inter¬ 
point  distance  between  faces  with  similar  expressions  to  the  average  Inter¬ 
point  distance  between  faces  with  different  expressions  In  the  experimental 
condition.  The  ratio  of  the  analogous  distances  In  the  control  condition 
serves  as  a  baseline,  since  the  outline  shapes  are  identical  to  those  In 
the  experimental  condition,  but  facial  expression  does  not  vary.  Com¬ 
paring  the  ratios  for  the  two  conditions  yields  a  continuous  quantitative 
scale  of  Integrality.  Thus,  facial  expression  which  Is  a  complex  emergent 
property  of  the  simple  features  of  the  face.  Is  a  prepotent  attribute  In 
determining  the  appearance  of  any  of  the  constituent  features  of  the  face, 
such  as  its  outline  shape. 

Interdimensional  Additivity 

The  theory  of  integrality  that  is  being  suggested  in  the  present  paper 
is  based  on  the  fact  that  the  dimensions  that  an  experimenter  varies  indepen¬ 
dent  iy  In  a  set  of  stimuli  are  not  necessarily  perceived  to  be  Independent 
by  an  observer.  An  observer  will  perceive  a  stimulus  from  a  given  stimulus 
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domain  as  varying  along  a  set  of  Independent  psychological  dimensions 
appropriate  for  that  domain,  but  these  attributes  are  not  necessarily 
varied  Independently  In  the  specific  subset  of  stimuli  presented  to  him. 
Perceived  attributes  must  be  independent,  or  separable,  by  virtue  of 
their  definition  as  attributes.  If  perceived  differences  along  an  attri¬ 
bute  vary  with  the  value  of  another  attribute,  they  will  have  little  value 
fbr  the  consistent  perception  of  similarity.  This  concept  Is  formalized 
In  the  axioms  of  the  geometric  models  of  similarity  underlying  multi¬ 
dimensional  scaling.  These  axioms,  stated  by  Tversky  and  Krantz  (1970) 
and  Krantz  and  Tversky  (1975),  Include  Interdlranslonal  additivity,  which 
states  that  the  perception  of  similarity  among  multidimensional  stimuli  is 
an  additive  combination  of  their  similarity  along  each  of  their  component 
dimensions. 

To  clarify  the  concept  of  interdlmenslonal  additivity, 
consider  Figure  5a.  This  Is  a  spatial  representation  of  the  physical 
differences  among  stimuli  vsHed  on  two  orthogonal  dimensions  such  that  the 
more  different  two  stimuli  are,  the  farther  apart  they  lie  In  the  space. 

The  intersections  of  the  lines  are  the  stimuli.  Solid  lines  connect  stimuli 
with  equal  values  on  one  dimension.  Dashed  lines  connect  stimuli  with  equal 
values  on  the  second  dimension.  By  definition  the  dimensions  that  are 
physically  orthogonal  appear  as  right  angles  In  the  space,  mid  the  configura¬ 
tion  Is  rectangular.  If  a  spatial  representation  of  the  similarity  Judgments 
of  these  stimuli  were  also  rectangular,  the  two  physically  orthogonal 
dimensions  would  be  said  to  be  psychologically  additive.  Figure  5b  displays 
such  a  spatial  representation.  In  this  figure  distance  In  the  space  corres- 
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Spatial  representation  of  physical  differences  among  stimuli 
varying  on  two  physically  orthogonal  dimensions. 
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ponds  to  psychological  dissimilarity,  not  to  physical  differences.  Again, 
solid  and  dashed  lines  Indicate  the  physically  orthogonal  stimulus  dimen¬ 
sions.  They  are  also  psychologically  orthogonal.  Since  the  physically 
orthogonal  stimulus  dimensions  correspond  to  psychologically  orthogonal 
dimensions,  the  stimulus  dimensions  would  be  termed  separable.  Note  that 
the  spacing  along  each  psychological  dimension  does  not  correspond  to  the 
physical  Intervals.  The  values  on  both  of  the  two  dimensions  are  not 
equally  spaced  perceptually,  nor  are  the  Intervals  along  one  dimension 
equal  to  those  along  the  other.  This  is  Irrelevant  to  the  question  of  the 
Interaction  between  dimensions.  The  rectangularlty  of  Figure  5b  captures 
the  property  of  Interdlmenslonal  additivity  (Tversky  &  Krantz,  1970; 

Krantz  &  Tversky,  1975}  with  regard  to  physically  orthogonal  dimensions: 
the  dissimilarity  between  two  stimuli  Is  monotonlcally  related  to  the  sum 
of  terms  representing  the  distance  between  the  stimuli  on  each  dimension. 

Figure  5c  displays  an  alternative  spatial  representation  of  dissimilarity 
judgments  of  the  stimuli  of  Figure  5a.  Solid  and  dashed  lines  again  repre¬ 
sent  physically  orthogonal  dimensions,  but  here  they  psychologically 
Interact.  There  Is  a  systematic  departure  from  rectangularlty  In  this 
spatial  representation  of  dissimilarity  judpents:  equal  physical  differ¬ 
ences  along  the  horizontal  dimension  are  psychologically  diminished  as  the 
second  dimension  Increases.  When  physically  orthogonal  dimensions  psycho¬ 
logically  Interact,  as  these  do,  the  stimulus  dimensions  would  be  termed 
integral.  Another  piece  of  evidence  for  a  violation  of  Interdlmenslonal 
additivity  in  this  configuration  Is  the  consistent  Inequality  of  similari¬ 
ties  for  stimulus  pairs  that  are  related  diagonally  and  are  therefore 
physically  equal.  For  example,  the  physical  difference  between  stimuli 
labelled  b  and  c  in  Figure  5  is  equivalent  to  that  between  a  and  d,  as 
can  be  seen  In  Figure  5a.  The  effect  of  the  psychological  interaction  in 
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Figure  5c  Is  to  iwk«  the  pair  (£,£)  appear  more  dissimilar  than  (a,d). 

Figure  6  presents  an  even  more  concrete  example  of  Interdimenslonal 
additivity.  These  triangles  are  constructed  from  a  coiroon  base;  that  Is, 

the  length  and  orientation  of  the  base  has  been  held  constant.  Therefore, 
there  are  only  two  degrees  of  freedom  of  the  physical  venation  among  the 
set  of  stimuli,  so  that  any  particular  stimulus  can  be  uniquely  sped)  ad 
by  a  minimum  set  of  two  physical  parameters.  With  regard  to  Interdmenslonal 
additivity,  the  goal  Is  to  find  the  physical  parameters  of  the  most  percep¬ 
tually  salient  attributes  of  the  patterns.  Let  us  consider  height  and 
length  of  right  side.  The  four  triangles  In  Figure  6  were  chosen  as 
orthogonal  exemplars  of  these  dimensions.  That  is,  the  triangles  In  each 
row  have  equal  values  for  the  length  of  their  right  sides,  and  the  triangles 
In  each  column  have  equal  heights.  However,  as  perceptual  variables  the 
differences  In  these  variables  do  not  look  Independent.  In  fact,  we  have 
asked  observers  to  judge  the  similarity  of  the  pairs  on  the  diagonal,  that 
Is,  on  the  one  hand  the  pair  10  and  13,  and  on  the  other  hand,  the  pair  9 
and  14.  Invariably  observers  will  note  that  the  pair  9  and  14  look  more 
similar  to  each  other  than  pair  10  and  13.  Note,  however,  that  In  terms 
of  the  physical  differences  these  two  pairs  are  equally  different.  It  is 
this  lack  of  correspondence  between  physical  and  psychological  variables 
that  we  have  termed  integrality  because  it  is  clear  that  the  overall  slroi- 
larlty  of  the  figures  Is  an  Interactive  function  of  height  and  length  of 
right  side.  Thus,  these  variables  cannot  be  separated  easily  by  the 
observer. 

In  an  effort  to  discover  a  set  of  dimensions  corresponding  more  closely 
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to  the  psychological  attributes  for  this  pattern  type,  we  developed  a 
larger  set  of  triangles.  Four  values  of  height  and  four  values  of  the 
length  of  the  right  side  were  orthogonally  combined  to  create  a  set  of 
sixteen  patterns.  Observers  were  then  asked  to  make  similarity  ratings 
for  each  of  the  possible  pairs  of  triangles  within  the  set.  These 
ratings  were  then  mathematically  transformed  Into  a  "map"  of  the  psycholo¬ 
gical  distances  between  the  patterns.  Figure  7  shows  the  typical  data 
of  one  subject.  The  solid  lines  connect  triangles  that  differ  from  each 

other  only  In  terms  of  height  (they  are  equal  In  length  of  side).  If  there 
had  been  a  high  correspondence  between  these  physical  dimensions  and  the 
perceivable  attributes  of  the  figures,  this  figure  would  have  been  rectangu¬ 
lar.  This  was  not  the  case:  the  pattern  of  perceived  similarities  differed 
markedly  from  that  expected  If  judgments  were  based  on  the  orthogonal  dimensions. 

This  fact  can  be  used  to  construct  sets  of  displays  that  will  be  high 
in  psychophysical  compatibility.  For  example,  we  constructed  a  set  of 
sixteen  triangles  that  differed  from  each  other  orthogonally  In  terms  of 
a  topological  transformation  of  height  and  length  of  the  right  side,  on 
the  one  hand,  and  In  terms  of  interior  obtuse  angle  (with  a  slight  correc¬ 
tion  for  length  of  right  side)  on  the  other.  The  data  In  Figure  8  show 
the  psychological  “map"  of  the  Interpoint  similarities  for  the  same  observer 
whose  data  were  shown  in  Figure  7.  Again,  the  solid  lines  connect  triangles 
that  differ  from  each  other  only  In  terms  of  the  product  of  height  and  side. 

The  dotted  lines  connect  points  that  differ  only  In  terms  of  angle.  It 
Is  clear  that  this  manipulation  has  removed  the  interaction  that  was  present 
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Figure  7:  Multi-dimensional  scaling  configuration  of  perceived  similarities 
between  pairs  of  triangles  for  observer  S.T.  The  solid  lines  connect  triangles 
differing  only  in  height  (H).  The  dashed  lines  connect  trlnagles  differing  only 
In  length  of  right  side  (R). 
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Figure  8:  Hultl -dimensional  scaling  configuration  of  perceived  similarities 
between  pairs  of  triangles  for  observer  S.T.  The  triangles  are  topological 
transformations  of  the  stimulus  set  of  Figure  7. 
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in  Fiqure  7;  that  is,  the  plot  is  far  more  rectangular.  This  plot  satis¬ 
fies  a  condition  of  multidimensional  scaling  termed  interdimensional 
additivity.  In  fact,  the  un system* tic  deviations  from  perfect  recti! inear- 
ity  are  not  significant  for  this  observer. 

To  summarize,  the  method  that  we  have  developed  for  isolating  the 
perceived  attributes  of  a  stimulus  is  based  on  the  analysis  of  the  per¬ 
ceived  similarities  between  stimuli  varying  on. two  dimensions.  Two 
psychological  dimensions  are  independent  If  they  satisfy  the  criterion 
of  Interdimensional  additivity,  that  is,  If  differences  along  each  dimen¬ 
sion  are  Independent  of  the  level  of  the  other  dimension  as  In  Figures. 

If  two  display  dimensions  are  varied  orthogonally  and  yield  similarity 
judgments  satisfying  interdimensional  additivity,  then  the  physical  dimen¬ 
sions  correspond  to  the  psychological  dimensions;  the  dimensions  are 
separable.  If  the  orthogonal  physical  dimensions  do  not  yield  similarity 
judgments  satisfying  Interdimensional  additivity,  the  form  of  the  Inter¬ 
action  can  be  used  to  derive  a  new  set  of  stimulus  dimensions  that  will 
correspond  more  closely  to  perceived  attributes. 

Psychophysical  Compatibility  and  Performance  Measures 

The  present  theory  has  defined  dimensional  Integrality  as  a  property 
of  the  mapping  of  the  multidimensional  physical  specification  of  a  stimulus 
set  into  the  perceivable  psychological  attributes  of  the  stimuli.  This 
property  of  the  multi dimensional  psychophysical  mapping,  which  involves  the 
correspondence  between  the  physical  dimensions  and  psychological  attributes, 
is  important  enough  to  require  a  taxonomic  label  —  psychophysical  compati¬ 
bility.  When  the  correspondence  is  high,  the  mapping  will  be  psychophysl- 
cally  compatible,  and  the  dimensions  will  be  separable.  When  the  corres¬ 
pondence  Is  low,  the  mapping  will  be  Incompatible,  and  the  dimensions  will 
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be  Integral.  The  use  of  the  term  '‘compatibility"  has  been  chosen  speci¬ 
fically  because  of  its  linkage  to  the  classic  Information  processing  and 
reaction  time  literature  (see  Fitts  and  Posner,  1967).  Psychophysical 
compatibility  provides  a  straightforward  account  of  the  Interference  and 
facilitation  obtainable  In  reaction  time  experiments  as  a  result  of  the 
Integrality  of  the  dimension  types.  It  should  be  noted,  however,  that 
the  present  approach,  In  contrast  to  Gamer's  operational  approach  des¬ 
cribed  earlier,  makes  these  patterns  of  results  from  speeded  Information 
reduction  tasks  a  prediction  rather  than  a  definition.  That  Is,  the 
present  approach  explains  how  Integrality  leads  to  filtering  decrements 
and  redundancy  gains  in  performance  instead  of  taking  these  results  as 
part  of  the  definition  of  Integrality. 

Information  reduction  tasks  (see  Posner, 1964)  have  classically  been 
defined  relative  to  the  arbitrary  physical  dimensions  that  an  experimenter 
has  chosen  to  vary  In  his  experiment.  However,  the  type  of  Information 
required  of  an  observer  —  filtering  or  condensing  —  should  be  defined 
with  regard  to  the  perceived  attributes  of  a  set  of  stimuli.  Filtering 
one  perceived  attribute  from  another  will  be  easy,  since  perceived  attri¬ 
butes  are  by  definition  independent.  If  dimensions  are  psychophyslcally 
Incompatible,  however,  filtering  on  the  basis  of  the  physical  dimensions 
requires  condensing  perceived  attributes,  since  the  value  of  a  stimulus 
on  a  physical  dimension  Is  perceived  as  a  coiblnatlon  of  values  of  those 
attributes.  Thus,  only  with  perfect  psychophysical  cos$at1b1?1ty  will  the 
Instruction  to  filter  display  dimensions  be  equivalent  to  filtering  the 
perceived  attributes  of  the  stimulus.  Redefining  Integrality  as  psycho¬ 
physical  Incompatibility,  then,  Indicates  the  basis  for  finding  that  inte¬ 
gral  dimensions  are  difficult  to  filter  but  easy  to  condense.  Similarly, 
the  theory  also  predicts  that  the  ease  of  condensing  will  depend  on  the 
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degree  to  which  the  condensing  rule  matches  the  function  relating  physical 
to  psychological  dimensions. 

To  test  these  notions,  the  triangles  that  were  scaled  for  the  observer 

whose  data  were  shown  In  Figures  7  and  8  were  used  tn  a  series  of  Information 
processing  experiments  where  his  reaction  time  for  various  tasks  was 
measured.  He  was  asked  to  classify  these  stimuli,  from  either  the  compatible 
set  (l.e.  those  of  Figure  8)  or  from  the  Incompatible  set  (l.e.  those  of 
Figure  7)  In  various  ways.  In  the  uni dimensional  condition  he  was  presented 
with  subsets  of  the  stimuli  to  classify  that  only  varied  with  regard  to 
one  of  the  dimensions.  In  the  orthogonal  condition  he  was  asked  to  classify 
subsets  of  the  stimuli  that  varied  on  both  of  the  dimensions,  but  his 
judgments  were  to  be  based  on  only  one  of  the  dimensions.  In  other  words, 
he  was  asked  to  filter  the  relevant  dimension  from  the  Irrelevant  dimension. 
In  the  third  condition,  he  was  presented  with  subsets  of  the  stimuli  in 
which  the  two  dimensions  of  the  stimuli  were  correlated  (either  negatively 
or  positively)  with  each  other.  In  these  conditions  the  dimensions  are 
redundant  with  each  other  and  the  extent  to  which  the  observer  can  utilize 
tills  redundancy  can  be  taken  as  an  Index  of  how  well  the  dimensions  can  be 
condensed.  Again,  note  that  the  subject  of  this  experiment  Is  the  same  as 
the  one  for  whom  the  psychophysical  compatibility  was  determined  In  Figures  7 
and  8. 

The  basic  result  of  the  experiment  Is  shown  in  Figure  9.  On  the  left 
are  the  data  for  the  psychophysical ly  compatible  dimensions  (i.e.,  the  non¬ 
interacting  set).  On  the  right  are  the  data  from  the  psychophysically 
Incompatible  dimensions  (l.e.,  the  Interacting  set).  The  control  condition 


NON-INTERACTING  SET  I  INTERACTING  SET 
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Is  the  uni  dimensional  condition*  where  there  was  only  one  aspect  of  the 
stimuli  to  classify.  In  each  graph  the  reaction  time  for  this  control 
condition  is  Indicated  by  the  dashed  line,  Reaction  times  longer  than  this 
value  represent  decrements  In  performance,  while  reaction  times  shorter 
than  this  value  demonstrate  Improved  performance.  For  the  compatible 
set  of  stimuli  neither  the  orthogonal  nor  the  correlated  (l.e.,  the  redun¬ 
dant)  conditions  differed  significantly  from  the  control.  However,  for 
the  psychophyslcally  Incompatible  set  of  stimuli,  there  was  a  large  decre¬ 
ment  In  performance  for  the  orthogonal  condition  and  a  large  gain  In  per¬ 
formance  for  the  correlated  conditions.  In  other  words,  the  subject  found 
It  difficult  to  filter  the  relevant  from  the  Irrelevant  Information,  but 
was  able  to  make  use  of  the  redundancy  of  the  two  dimensions  In  order  to 
Increase  his  reaction  time  when  the  dimensions  were  correlated.  As  indi¬ 
cated  above,  this  pattern  of  results  Is  exactly  that  which  Gamer  has  used 
In  order  to  define  integrality.  However,  here  the  pattern  Is  the  conse¬ 
quence  of  Independently  determined  psychophysical  mapping. 

Limitations  of  the  Psychophysical  Approach 

As  noted  earlier,  there  are  at  least  two  limitations  to  the  psycho¬ 
physical  approach  to  Integrality  suggested  In  the  present  paper.  These 
will  be  briefly  presented  In  this  concluding  section. 

First,  the  definition  of  Integrality  presented  here  is  intimately 
related  to  the  notion  of  Interdlmenslonal  additivity.  Before  the  present 
theory  can  be  considered  complete,  however.  It  mist  be  shown  whether  Inter- 
dimensional  additivity  alone  is  sufficient  to  account  for  the  results  des¬ 
cribed  In  the  last  section.  It  should  be  noted  that  the  transformation 
of  the  physical  variables  that  removed  the  interaction  found  In  Figure  7 
Is  just  one  of  a  potentially  infinite  number  of  transformations  that  could 
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lead  to  the  kind  of  rectangular! ty  found  in  Figure  8.  For  example,  one 
might  think  of  the  possibility  of  producing  rigid  rotations  of  the  con¬ 
figuration  of  Figure  8  1°  some  similarity  space.  The  critical  question 
Is:  will  each  of  these  transformations,  given  the  rectangularity  of  the 
configurations,  lead  to  results  such  as  those  found  in  Figure  9?  Alterna¬ 
tively,  will  one  of  these  rotations  be  a  preferred  set  of  axes?  Affirmation 
of  the  first  question  (l.e.  the  demonstration  that  interdlmenslonal  additi¬ 
vity  is  a  sufficient  condition  for  obtaining  the  results  of  Figure  9) 
will  lead  to  the  notion  that  the  salient  perceptual  attributes  of  a  set 
of  stimuli  are  a  consequence  of  the  context  of  the  set  of  stimuli  themselves. 
However,  affirmation  of  the  second  question  will  argue  that  the  salient 
attributes  are  a  consequence  of  the  particular  stimulus  domain  that  Is 
exemplified  by  the  particular  set  of  stimuli  used  In  the  experiment.  Of 
course,  the  question  of  context  dependency  is  one  of  the  most  fundamental 
questions  that  can  be  asked  about  perceptual  processing,  and  the  extension 
of  the  present  approach  In  examining  this  question  should  be  equally  fun¬ 
damental. 

Second,  data  obtained  by  Somers  (1978),  In  addition  to  those  presented 
here.  Indicate  clearly  the  existence  of  phenomena  that  a  simple  psycho¬ 
physical  approach  cannot  handle  easily.  In  particular,  her  experiments 
manipulated  the  relative  dlscrlarinablllty  of  the  dimensions  used  to  define 
the  stimuli  as  well  as  their  psychophysleal  compatibility.  Her  data 
demonstrate  effects  on  performance  of  relative  dlscrimlnabllity  that  seem 
to  be  quite  different  from  and  Independent  of  psychophysical  compatibility. 
Highly  discriminate  dimensions  seem  to  acquire  a  salience  that  can  domi¬ 
nate  performance  regardless  cf  their  interaction  with  other  stimulus 
dimensions.  This  dominance  of  performance  seems  to  indicate  that  some 
form  of  attentlonal  mechanism  will  be  needed  to  accowit  for  the  ability 
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of  the  subject  to  switch  from  one  dimension  to  another,  when  their 


dlscrlmlnablllty  varies 
account,  In  addition  to 
any  form  a  completeness 


greatly.  Thus,  it  seems  clear  that  some  process 
psychophysical  factors,  will  be  needed  to  bring 
to  the  definition  of  Integrality. 


34 


REFERENCES 

Egeth,  H.,  &  Pachella,  R.  G.  Multidimensional  stimulus  Identification.  Percep¬ 
tion  and  Psychophysics.  5(6),  1969,  341-346. 

Fitts,  P.  I,  &  Posner,  M.  I.  Human  Performance.  Belmont,  California:  Brooks/ 

Cole  Publishing  Company,  Inc.,  1967. 

Gamer,  W.  R.  The  Processing  of  Information  and  Structure.  Potomac,  Md„:  Lawrence 
Erlbaum  Associates,  1974. 

Gamer,  U.  R. ,  &  Felfoldy,  G.  L.  Integrality  of  stimulus  dimensions  In  various 
types  of  information  processing.  Cognitive  Psychology.  1970,  I,  225-241. 

Gibson,  J.  0.  The  concept  of  the  stimulus  In  psychology.  American  Psychologist. 
1960,  15,  233-259. 

Gibson,  J.  J.  The  Senses  Considered  as  Perceptual  Systems.  Boston:  Houghton 
Mifflin,  1966. 

Guttman,  L.  A  general  non-metric  technique  for  finding  the  smallest  coordinate 
spaces  for  a  configuration  of  points.  Psychometrlka.  1968,  33,  469-506. 

Hardzlnskl,  M. ,  &  Pachella,  R.  G.  A  psychophysical  analysis  of  complex  integrated 
displays.  Human  Performance  Center  Technical  Report  No.  59.  University  of 
Michigan,  February,  1977. 

Krantz,  n.  h.  a  Tversky,  A.  similarity  of  rectangles:  An  analysis  of  subjective 
dimensions.  Journal  of  Mathematical  Psychology,  1975,  1£.  4-34. 

Pomerantz,  J.  R.  &  Gamer,  W.  R.  Stimulus  configuration  in  selective  attention 
tasks.  Perception  and  Psychophysics.  1973,  14,  565-569. 

Pomerantz,  J.  R.  &  Sager,  L.  C.  Asymmetric  integrality  with  dimensions  of  visual 
pattern.  Perception  and  Psychophysics.  1975,  18.,  460-466. 

Posner,  M.  I.  Information  reduction  in  the  analysis  of  sequential  tasks.  Psycho¬ 
logical  Review,  1964,  71_,  491-504. 


35 


Roskam,  R. ,  &  Lingoes,  J.  C.  MINISSA-I:  A  Fortran-IV  (G)  program  for  the  smallest 
space  analysis  of  square  symmetric  matrices.  Behavioral  Science,  1970,  1.5, 
204-205. 

Shepard,  R.  N.,  &  Chlpman,  S.  Second-order  Isomorphism  of  Internal  representations: 
Shapes  of  states.  Cognitive  Psychology,  1970,  i,  1-17. 

Somers,  P.  Perceptual  interaction  between  stimulus  dimensions  as  the  basis  of 

dimensional  Integrality.  Human  Performance  Center  Technical  Report.  University 
of  Michigan,  October,  1978. 

Somers,  P.,  I  Pachella,  R.  G.  Interference  among  sources  of  Information  In  complex 
Integrated  displays.  Human  Performance  Center  Technical  Report  No.  58. 
University  of  Michigan,  February,  1977. 

Torgerson,  W.  S.  Theory  and  Methods  of  Scaling.  New  York:  Wiley,  1958. 

Tversky,  A.,  &  Krantz,  0.  H.  The  dimensional  representation  and  the  metric  struc¬ 
ture  of  similarity  data.  Journal  of  Mathematical  Psychology.  1970,  7, 

572-596. 


OFFICE  OF  NAVAL  RESEARCH 
Code  455 

TECHNICAL  REPORTS  DISTRIBUTION  LIST 


OSD 

COR  Paul  R.  Chatalier 
Military  Assistant  for  Training 
and  Personnel  Technology 
Office  of  the  Oeputy  Under  Secretary 
of  Oefense 
OUSDRE  (E&LS) 

Pentagon,  Room  30129 
Washington,  DC  20301 


Director 

Engineering  Psychology  Programs 
Code  455 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  Virginia  22217  (5  cps) 


01 rector 

Operations  Research  Programs 
Code  434 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  Virginia  22217 


Commanding  Officer 
ONR  Branch  Office 
ATTN:  Or.  J.  Lester 
Building  114,  Section  0 
655, Summer  Street 
Boston,  MA  022)0 


Commanding  Officer 
ONR  Branch  Office 
ATTN:  Dr.  C.  Davis 
536, South  Clark  Street 
Chicago,  IL  60605 


Commanding  Officer 
ONR  Branch  Office 
ATTN:  Dr.  E.  Sloye 
1030  East  Green  Street 
Pasadena,  CA  91106, 


Office  of  Naval  Research 
Scientific  Liaison  Group 
American  Embassy,  Roan  A-407 
APO  San  Francisco,  CA  96503 


Director 

Statistics  and  Probability  Program 
Code  436, 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  Virginia  22217 


Director 

Physiology  Program 
Code  441 

Office  of  Naval  Research 
8Q0  North  Quincy  Street 
Arlington,  Virginia  22217 


Director 

Naval  Research  Laboratory 
Technical  Information  Division 
Code  2627 

Washington,  DC  20375  (6  cos} 


Dr.  Robert  G.  Smith 
Office  of  the  Chief  of  Naval 
Operations,  0P987H 
Personnel  Logistics  Plans 
Washington,  DC  20350 


ONR  Code  455.  Technical  Reports  Distribution  List 


2 


Department  of  the  Navy 

Naval  Training  Equipment  Center 
ATTN:  Technical  Library 
Orlando,  Ft  32813 


Human  Factors  Department 
Code  N21S 

Naval  Training  Equipment  Center 
Orlando,  FL  32813 


Or.  Alfred  F.  Smode 

Training  Analysis  and  Evaluation  Group 
Naval  Training  Equipment  Center 
Code  NtQOT 
Orlando,  FL  32813 


Or.  Gary  Poock 

Operations  Research  Department 
Naval  Postgraduate  School 
Monterey,  CA  93940 


Dean  of  Research  Administration 
Naval  Postgraduate  School 
Monterey,  CA  93940 


Mr.  Warren  Lewis 
Htran  Engineering  Branch 
Code  *231 

Naval  Ocean  Systems  Center 
San  Diego,  CA  921 52 


Or.  A.  L.  Slafkosky 
Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RO-1 

Washington,  DC  20380 


Mr.  Arnold  Rubinstein 
Naval  Material  Command 
NAVHAT  98T24 
Washington,  DC  20360 


Commander 

Naval  Air  Systems  Command 
Human  Factors  Programs 
NSVAIR  340F 
Washington,  DC  20361 


Commander 

Naval  Air  Systems  Command 
Crew  Station  Design, 
NAVAIR  S313 
Washington,  DC  20361 


Dr.  James  Curtin 

Naval  Sea  Systems  Command 

Personnel  &  Training  Analyses  Office 

NAVSEA  074C1 

Washington,  DC  20362 


Commander 

Naval  Electronics  Systems  Command 
Human  Factors  Engineering  Branch 
Code  4701 

Washington,  OC  20360 


Bureau  of  Naval  Personnel 
Special  Assistant  for 
Research  Liaison 
PERS-OR 

Washington,  DC  20370 


CDR  R.  Gibson 

Bureau  of  Medici  ns  and  Surgery 
Aerospace  Psychology  Branch 
Code  513 

Washington,  DC  20372 


LCDR  Robert  Blersner 
Naval  Medical  R&D  Command 
Code  44 

Naval  Medical  Center 
Bethesda,  MD  20014 


l 


ONR,  Code  455,  Technical  Reports  Distribution  List 


3 


Department  of  the  Navy 

Or.  Arth.  r  Bachrach 
Behavioral  Sciences  Department 
Naval  Medical  Research  Institute 
Bethesda ,  MD  20014 


LCOR  T.  Berghage 
Naval  Medical  Research  Institute 
Behavioral  Sciences  Department 
Bethesda,  MO  2001 4 


Dr.  George  Moeller 
Human  Factors  Engineering  Branch 
Submarine  Medical  Research  Lab 
Naval  Submarine  Base 
Groton,  CT  ,06340 


Chief 

Aerospace  Psychology  Division 
Naval  Aerospace  Medical  Institute 
■  Pensacola,  FL  32512 


Dr.  Fred  Muckier 
Navy  Personnel  Research  and 
Development  Center 
Manned  Systems  Design,  Code  311 
San  Diego,  CA  92152 


Navy  Personnel  Research  and 
Development  Center 
Management  Support  Department 
Code  210 

San  Diego,  CA  92152 


Navy  Personnel  Research  and 
Development  Center 
Code  305 

San  Diego,  CA  92152 


Department  of  the  Army 
Mr.  J.  Barber 

HQS,  Department  of  the  Army 
DAPE-PBR 

Washington,  DC  20546, 


Dr.  Joseph  Zeldner 
Technical  Director 
U.S.  Army  Research  Institute 
5001  Elsenhower  Avenue 
Alexandria,  VA  22333 


Director,  Organizations  and 
Systems  Research  Laboratory 
U.S.  Army  Research  Institute 
5Q01  Elsenhower  Avenue 
Alexandria,  VA  22333 


Technical  Director 

U.S.  Army  Human  Engineering  Labs 

Aberdeen  Proving  Ground,  MD  21005 


Department  of  the  Air  Force 

U.S.  Air  Force  Office  of 
Scientific  Research 
Life  Sciences  Directorate,  NL 
Bolling  Air  Force  Base 
Washington,  DC  20332 


Air  University  Library 
Maxwell  Air  Force  Base,  AL  36112 


Other  Government  Agencies 

Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314  (12  cps) 


CDR  P.  M.  Curran 

Human  Factors  Engineering  Division 
Naval  Air  Development  Center 
Warminster,  PA  18974 


ONR  Code  455.  Technical  Reports  Distribution  List 


Other  Government  Agencies 

Dr.  Stephen  J.  Andriole 
Director,  Cybernetics  Technology  Office 
Defense  Advanced  Research  Projects  Agency 
14Q0  Wilson  81 vd. 

Arlington,  VA  22?Q9 


Dr.  Stanley  Oeutsch 
Office  of  Life  Sciences 
National  Aeronautics  and 
Space  Administration 
500  Independence  Avenue 
Washington,  DC  20546 . 


Other  Organizations 

Dr.  James  H,  Howard 
Department  of  Psychology 
Catholic  University 
Washington,  OC  20064 


Journal  Supplement  Abstract  Service 
American  Psychological  Association 
1200  17th  Street,  N.  W. 

Washington,  DC  20036  {3  cps) 


Dr.  J.  A.  Swets 
Bolt,  Beranek  &  Newman,  Inc. 
60  Moulton  Street 
Cambridge,  MA  .02138 


Dr.  Robert  Wllllges 
Human  Factors  Laboratory 
Virginia  Polytechnlcal  Institute 
and  State  University 
130  Whlttemore  Hall 
81acksburg,  VA  24061 


Foreign  Addresses 

Director,  Hunan  Factors  Wing 
Defense  and  Civil  Institute 
of  Environmental  Medicine 
P.  0.  Box  2000 

Downs vl lie,  Toronto,  Ontario 
CANADA 


